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What are we doing?

Objective 1 (Characterization)

Characterize PM,,, mass, composition,
toxicity, and origin in Denver and Greeley

Objective 2 (Health Effects)

Evaluate the association of PM,,,; mass and
several health outcomes in Denver & Greeley
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Resultant Data

PM,,., s Characterization Health Endpoints
1. Arrhythmic events
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2. lons (IC) ICD patients

3. Bulk carbon (NIOsH 5040) 2. Respiratory ED visits
4. Water soluble C & N - 3. Cardiovascular ED visits
5. Trace metals 4. Preterm births
i 6. Endotoxin 5. Intrauterine growth

7. Total carbohydrates | retardation

8. Total proteins Filter measurements (250)

9. Macrophage assays |

ROS production & cytotoxicity

_______________________________________________________________



Resulting Data Analysis

Models to be evaluated Urban/Rural Comparison

1. Source apportionment 1. Mass
: T 60 sets
2. Exposure assignment 2. lons
3. Health outcome ‘3. Bulk carbon |
4. Water soluble C & N
5. Trace metals
6. Endotoxin
PLUS,  J
DNA sequence | /. Total carbohydrates
(bacterial ecology) || 8. Total proteins |
59 Macrophage bloassays

'10. Sources

11. PM,,., s mass effect estimate



Our Lab
Urban — Rural Comparison

Horlkgiern
W I

L g"'ll'.';'}”"FEOM PM2.5540

Wittt Wer

| = e PO ea

7 f Alrora ,J FL‘_._____"
Erga

) s
§ mcgf'""slihmﬁm'%'%uﬁm 4 OMS
0 -filter samplers




Greeley is the Weld County seat.

Weld County is the #1 agricultural county in Colorado and #8 in the US.
Ranks 2" in the US in cattle and sheep inventory & sales ($ 0.9 billion)

Colorado Agriculture
Total Value of Agricultural Products Sold by County

Data from 2002 Census of Agriculture, USDA
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PM,,., s Emissions Inventory

1829

Weld County

m Heawy Construction
m Road Construction
m Paved Road Dust
m Unpaved Road Dust
B Other NonPoint

m Point Sources

W Motor Vehicles

O Crop Tilling

116

1109

1119

Denver County

1820
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Greeley to Denver = 50 miles

Greeley demographics:
Population (2005): 88,249

Pop. change: +14.7% since 2000
Median income: $36,400

Pop. =2 65 yrs old: 10%

African American: < 1%
Hispanic: 29.5%

Denver demographics:
Population (2005): 557,917
Metro area pop.: 2.2 million
Median income: $39,500
Pop. 2 65 yrs old: 11%
African American: 11%
Hispanic: 32%
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A McAuliffe Elementary
A Maplewood Middle
A Greeley Hospital

Greeley Sites




Monitoring/Collection Tools

TEOM 1405-DF ¥

Mass I\}Iagnitorig Filter Collection



Separation [EEE— \gg/% 10

Size

SELECTOR

Impactor plus  —
Virtual Impactor PM, 5

Minor flow

l I:)I\/|10-2.5



Virtual Impactor Mass Correction

Virtual impactors use particle inertia to separate size
fractions

TEOM V1's designed with a cut point at ~2.5 um

, Flow rates dictate particle separation efficiency, the ratio
- —= R : of PMy; - ¢ to PM,, flow rates represents the proportion of
PM, . mass that enters the PM,, . . collection nozzle

TRUE mass concentration of each channel (base and
reference) calculated for each 6-minute interval

Flow rate concentration enrichment factor introduced
] before ‘raw’ data is reported (don’t need to include)

PMZS

*HP M2.5TEOM = M PM2.5TRUE

Veario ‘Calc’, or volatile loss corrected, then calculated using

) the TRUE base and reference values

\f _ I:'_H'_] o-7.5 "i-f + ‘.f
PR e rn T o) e B This assumes the proportion of volatile mass loss is
directly related to the mass of the particles in each
Vessio = Voars s + Vesrio-2.5 channel, and the effect of PM, . volatile mass loss

occurring in the PM,, » - channel can be removed with

M eaie = M gase — Mpor the same equation used for PM; crnue

These calculations pose an interesting problem because
Base and Reference channels measure values with
different population distributions...

M = mass concentration (pg/m3)
V = volumetric flow rate (Ipm)

And FDMS corrections too.



TEOM

tapered element oscillating microbalance

air stream

Frequency of oscillation I S N I
changes based on mass




Progress

6/2008 1/2009 1/2010 1/2011 1/2012 6/2012

————+——+——+—

Continuous PM mass monitoring

6t Day Filter Sampling
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TEOM Side-by-Side
Uncertainty Assessment

-10
3.9765 3.9766 3.9767 3.9768 3.9769 3977 3.9771
4

Ran three instruments at the same site to explore inherent variability in measurement.



TEOM Side-by-Side
Uncertainty Assessment

2 4 5 B 10 12

10—

-5

3.9765 3.9766 3.9767 39768 3.9769 3977 39771
4

x 10

Ran three instruments at the same site to explore inherent variability in measurement.



O & M Challenges

Uncle’'s advise that is ringing in my ears ...
“Never buy the first mode year of a car’

» Operations
— Three firmware updates so far
— Visit sites frequently!
— Measure flow more frequently than you want
— Flow control and temperature control, arghhh.

« Maintenance

— Driers, pumps and seals fail more frequently
than you have money for.



TEOM Data Coverage

Different start data
for each TEOM

HWVAC system repaired || Nafion dryers replaced TEOM Filter not set properly
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Mass Transducer
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Vacuum pressure high,
PM2.5 flow rate failure

MNafion dryers replaced
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FDMS valve seal failure

Bypass flow
controller broken
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TEOM Data Coverage

Different start data
for each TEOM

=]

HWVAC system repaired || Nafion dryers replaced TEOM Filter not set properly
: —

|-I[::m::5-md'_la1.:|

Mass Transducer
Failures/Firmware
update failures

MNafion drys
1
—-
i e | | [ g li] 0an11i afing

I Vacuum pressure high,
PM2.5 flow rate failure

MNafion dryers replaced —2 'L

il 5 070N me 100109 e i [IELINRIE arfi R il
Dl

L]

i , | FDMS valve seal failure

Bypass flow
controller broken

Sadly, PM10-2.5 channel was less trouble but data coverage is the same.




Mass Concentration Calculation

Ref
Mode

Semi-volatile
Material

Base
Mode

olatile mass loss {ref channel] assumead to be
same a5 mass loss during Base channel mods

Base
Mode

® L

Ref
Mode

Aerosol Phase
Material

Megative base channel values are
possible, and actually make physical
sense, ref channel assumption will
correct to positive values

Mass

Base
Mode

——— Valve Switches Flow Path and Change in Filter Mass Logged

—— [Deposition Mass Gain

— \olatile Mass Loss

Resultant Mass Change
IBass/Reference)

= Previously logged mass

,}

Base 1 Ref 1

Base 2 Ref 2

Calcl=Base1—Refl

Calc 2 = Base 2 — Ref 2

The proposad caloulation (blue] will
Eive 3 measurement each 12 minutas,
and iz different from the & minutz
interval Therma calculation, which
wiould be:

Calcl = [[Basel-Refl |+ Basel-Refd)) 2
ar

I "
6 minutes Time

Calc 2 = ((Basel-Refl)+|Base2-Rafl]] 2




L3
Slect TEOM Data Processing Flow Chart
Rumn data set
Start e pe—y] iy
CRpro.m Iog file Create string vectors of
[ty headers for hourly and
0 daily average data
nead row of inputs from lo Proceed to save hourly and daily compile all vectors into matrices
Aun EP:iata mpus'm' inpu‘tf. nertrow & [ 3v¥erage matrices as s < hourly and daily
= files average matrices Craate time stamps for
daily and hourhy -
aweraged data vactors
Cpen input Raw TEDQR
TECHA data file e Data | et € Sum all occurrences of
- specific status codes for |
each hour and dayin || -
saparate vectors
save DATE Save DATA Save HEADERS Lo il de for data | h | q
. . . z file made for da ]
matrix matrix matrix Raw data saved as tab w;includ'nw R d'ﬂli.':'-.l ate D'-.l_rt"; EI: ;
delimited text file = aily a-.ler.ages._-s near B
\e/// ‘l’ and processing inputs errors for instrumeant and
ather MC vectors
Combine int Identify data columns -
“dat" matrix present in data file Form missing datz
d wvectors of -599 of
~l- . VELLIIEE appropriate length for | &=
Columns of {null) - downloaded on hourly and daily
Shape dat to start with | yes I ABaseftaw remaved flzsh znd B averages/standard errors
[-.csw)
Base measurement,  — “"'SGT:T:W :
and with pef o Calculate hl:-u.rll,-' anid
daily averages/standard
o averages for mass
“» concentration vectors
\\\ﬁ apply v If remove is 1 ‘T\
Sawe Dates as Save unfound Save found :urrzfti.uns - <ot darta DoRL Perfiorm mass sawve Calc mass
MY and variables as missing variables azs e Base and fef — Baze and ief - —3= Concentration e concentration
H/DYRASY seria data vectors data wectors _ calculation veCtors
date vectors | I"L colurmins rnissing data
W " 1
IF v Convert “Status Code” Create “remove” and “poor Key
. a5 BREAK r, .
e 1 ; -:-::-I!Jmn frn:lm dec to hex, o qua ity™ columns set to 1.f|:-r Preprocessing  CPprom  CPdatam
e 2> program, fix split up into component each data point containing
i manuzlly wectors for each data point definad status codas

Mo |




Time Series (hourly)
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Spatial Variability (hourly)
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Mass Spatial Variability (daily)
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OC Spatial Variability
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Correlation between sizes
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OC as % of Total Mass
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OC Volatility
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Next 12 months

* More of the same

— Keep TEOMSs running

— Keep collecting health data
 Finish filter collection

— Mass, ECOC on all

— Additional chemical analysis
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REVIEW

Epidemiological evidence of effects of
coarse airborne particles on health

B. Brunekreef* and B. Forsberg™
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FIGURE 1. Effect of fine (@) and coarse () paticles on total mortalty =~ FIGURE 2. Effect of fine (@) and coarse () paticles on respiratory
published time series studies. admissions in published time senes studies.



Challenges

* Reproducible effect?
» Urban effect only?
» Spatial heterogeneity?



Power Estimates

Denver Greeley

Outcome Number OR/RR*  Power | Number OR/RR*  Power

Arrhythmic events 1,200 event-days  1.05 0.98 600 event-days 1.05 0.89
1.10 0.99 1.10 0.99
1.20 0.99 1.20 0.99

Respiratory

ED visits 50 visits / day 1.02 0.95 14 visits / day  1.02 0.64
1.05 0.99 1.05 0.99
1.10 0.99 1.10 0.99

Cardiovascular

ED visits 20 visits / day 1.02 0.62 6 visits /day 1.02 0.32
1.05 0.99 1.05 0.96
1.10 0.99 1.10 0.99

Preterm birthsT 3,000 1.05 0.16 1,200 1.05 0.12
1.10 0.48 1.10 0.36
1.50 0.99 1.50 0.99

*OR and RR per 10 ug/m?3 increase in coarse PM

T Approximately 10% of all births; IUGR will have similar power.
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